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1. INTRODUCTION

1.1. Mogt software applications are desgned for a specific hardware plaform and
operating sysem. However, often an application is required on an unsupported
plaform. One way to address this problem is to port the application's code and
compile it for the unsupported platform. This typicdly requires many tedious, error
prone man-hours of work, and after the code has been compiled for the unsupported
plaform, it often results in less than optima performance. In order to avoid this
overhead and poor performance, a better solution is to execute the application on the
platform for which it was desgned and interface to the gpplication from the
unsupported  platform. This solution requires interoperability among various
platforms.

1.2. Timdy, accurate information is vitd to Air Force war fighting capability.
Often, required information makes use of servers or data available a remote
locations accessble through a host network.  This requires interoperability
among various platforms and operating systems.

13. To address interoperability issues and intercommunication among
gpplications  written for different operaing systems executing on vaious
hardware platforms, the Object Management Group' (OMG) has created the
Common Object Request Broker Architecture' (CORBA) framework.  The
CORBA framework was introduced in 1991 to dlow agpplications to
communicate with each other no matter where they are located. They did this by
defining a sandard protocol by which applications can communicate through the
use of an interface description language (IDL) interface. The IDL is a language-
independent  specification to provide programmers the option of choosing the
most appropriate operating system and platform for creating and execuing a
specific agpplication.  They dso dlow the integration of various applicaions
through the use of a network. There are actudly many other Agent types
avalable’; however, we chose the CORBA system based on its wide usage and it
is digtributed fredly.

1.4. The IDL inteface dlows us to creste and execute software agents
independent of any operating system or execution plaforn?.  For example a C™
program written for a unix based workstation could be executed from a Pentium
based PC running MSDOS without the need to recompile the code for the unix
workgtation. Software agents communicate together usng an agent
communication language. The agent provides a message based interface
between objects®. Severa definitions have been applied to agent™:

1.4.1.MuBot Agent: The term agent is used to represent two orthogona
concepts.  Fird, the agents ability for autonomous execution.  Second, the
ability for the agent to perform domain oriented ressoning”.

' Information on the OMG is available at http:\\www.omg.org
" Information on CORBA is available at http:\\www.corba.org



1.42.AIMA Agent: Anything that can be viewed as percaving its
environment through sensors and acting upon that environment through
effectors’.

1.4.3.Maes Agent:  Computational systems that inhabit some complex
dynamic environment, sense and act autonomoudy in this environment,
and by doing so redlize a set of godls or tasks for which they are designed’

1.4.4.KidSm Agent: Persgent software entity dedicated to a specific
purpose®.

1.4.5.Hayes-Roth Agent: Agents continuoudy perform three functions.
Firg, perception of dynamic conditions in the environment. Second,
action to affect conditions in the environment.  Third, reasoning to
interpregt perceptions, solve problems, draw inferences, and determine
actions”.

1.4.6.IBM Agent: Software entities that carry out some set of operations
on behdf of user or another program with some degree of independence or
autonomy*°.

1.4.7.Wooldridge-p; Jennings Agent: A hadware or software-based
computer that enjoys the following properties. autonomy, socid ability,
reactivity, and pro-activeness't.

1.4.8.SodaBot Agent: Programs that engage in didogs and negotiate and
coordinate transfer of information'2.

1.4.9.Brugtoloni Agent:  Sydems capable of autonomous, purpossful
action in the redl world™2.

In summary, agents are cgpable of operating autonomoudy and yet maintaning
the ability to communicate socialy.

1.5. For this report, we will define the client as the process requesting work, and a
server as the agent performing the work. Agents have the capability of both
recalving indructions and returning information. To reterate, clients and servers
are independent (they may be co-located or physicaly separated, and they need
not execute on the same platform), but they retain the ability to communicae
through an ORB interface described by an IDL file For example, the server can
be written in C++ while the client is written in Java  Additiondly, the client and
server can share the same hard drive, or they can be networked i.e. through the
World Wide Web.



1.6. The objective of this project is to ressarch and become familiar with
information technologies as applied to the Collaborative Enterprise Environment
(CEE), thereby enabling an in-house capability to develop new resource agents
for CEE. This phase | report documents initid lessons learned in the indalation,
and execution of CORBA gpplications usng the CORBA compliant software
avalable free from ORBacus". The downloadable CORBA software for both
C++ and Java is avalable a http://www.ooc.com/ob/download. The report is
broken down into the following sections. Frs we describe the location and
ingdlation of the CORBA software for unix, linux, and Windows based operating
sysdems. Then we describe the use of the IDL for creating interfaces between
C++ and/or Java programs. Next we describe how to write clients and servers
usng both C++ and Java code. We include both inter- and intra network
examples. Findly, in an gopendix, we provide makefiles and scripts necessary for
each gsep of the process.  Throughout this report we will provide complete
working examples for each step.

2. LOCATING AND INSTALLING THE CORBA SOFTWARE

2.1.In order to run applications (clients and servers) under the ORBacus™
CORBA <oftware, the files for the target platform must be downloaded. These
files can be found a the ORBacus web page:
http://www.ooc.com/ob/downl oad.html. For ingdling the Java verson, the file
JOB-3.1.3.tar.gz should be downloaded (or JOB-3.1.3.zp). For inddling the
C++ verson, the file OB-3.1.3.tar.gz should be downloaded. For ingtructions on
ORBacus, a manud is avalable in PDF form. The manud for the ORBacus
software can be downloaded from OB-3.1.3.pdf.gz. To use ORBacus for Java
without having to compile ORBacus for C++, you can download the pre-compiled
IDL-to-Java trandaor. For Linux this trandator is jidl-3.1.3-linuxtar.gz, for
Solaris this trandator is jidl-3.1.3-doaristar.gz, and for Windows 95/98/NT the
trandator is jidl-3.1.3-win32tar.gz. Severd JAR files are dso avalable for Java
by downloading JOB-3.1.3jarstar.gz (these will be needed for creating Java
classes). Two additiond sources of information on CORBA ae the book
Understanding CORBA by Otte e. d.® and The Common Object Request
Broker: Architecture and Specification, Rev 2.2

2.2. The ingdlation of the programs is draight forward once the inddlation files
are unzipped. To unzip the files type gunzip filename.tar.g then untar the files
uang tar cvf filename.tar (where filename is the name of the ingdlation
package). If the file is from a PC and in the form filename.tgz just type gunzip
filename.tgz. Then to inddl the specific package, follow the platform specific
directions that come with the package. NOTE: The environment setings or
variables a user needs to st depend upon the local configuration of the hardware
plaform and should be specified in the indructions for inddling the package.
Please see your system adminigrator if additiona help is needed.

') nformation on the ORBacus CORBA compliant software is available at http:\\www.ooc.com



3. CREATINGIDL FILES

3.1. Interface description language (IDL) files define the interface between the
server and the client. The complexity of these files can range from low to high
(depending on the dze of the interface, the number and type of error handlers,
efc...). We provide two, low complexity example interfaces to get started. We
describe the components of each, and we describe how to compile the
components in order to get the sub-components necessary to adlow the clients and
serversto function correctly.

3.2. The firg interface is ample.  There is no interaction between the client and
server other than the client causes the server to execute.  This interface can be
used in a loca network or it can be accessed remotely through URL connections.
Thefallowing interface definition isstored inthefileHel | o. i dI .

/1 1DL
nmodul e MOD_HELLO

{

/1l interface definitions
interface Int_hello

{

voi d funct_hello();
b
b

In CORBA IDL, comments are denoted usng / /”. A nodul e isgmilar to a
package or class. It is optiond, and ties the interfaces and functions together. In
this example, the module name is MOD_HELLO. The module name is user
defined, but must remain consstent throughout the agpplications. Next, we have
the interfaces. There can be severd in the same module. The i nt er f ace isthe
gateway between savers and dlients. It defines the handshaking or
communication between the sarvers and cdlients.  In this example, the interface
name is I nt _hell o. The inteface name is dso user defined. Ingde the
interface, there are one or more objects. In this example there is one user defined
object: f unct _hel | o. This object is aso user defined. In this case, the object
neither recelves nor returns any information. The dlient can use this object to ask
the server to perform some task. Now that the basic IDL is written, we can cregate
the files required by the server and client to use thisIDL.

3.2.1.Fird, we will create the files needed to create servers and clients
usng C++. To do this we use the ORBacus IDL trandator 1 dl ”. We
execute the following from the commeand line

idl Hello.idl

The result of this command is the cregtion of severd files Hel | 0. cpp,
Hel | o. h, Hel | o_skel . cpp,and Hel | o_skel . h. Thesefilesare



required when compiling. The dient will require Hel | o. cpp and
Hell o. h. The saver will require Hell o. cpp, Hello.h,

Hel | o_skel . cpp and Hel | o_skel . h. In addition, the server will

aso require the files Hel | o_i npl . cpp and Hel | o_i npl . h. The
Hel | o_i nmpl files contain the actud implementation of the function or
object the sarver will implement. The directions for writing sSmple
sarvers, dients, and implementations are found in subsequent sections.

3.2.2.The files and objects required to implement servers and clients in
Java is dmilar to that of C++. To create these files we use the ORBacus

Javacommand linetrandator “j i dI ” in thefollowing commeand line:

jidl Hello.idl

This will create a sub or class directory MOD_HELL O that contains severd
Java based files required for compiling (creating the Java classes) and
executing the Java code.

3.3. The s=cond interface is dightly more complicated than the fird.  This
interface dlows the client to provide information to the sarver (in this example the
client provides an integer vaue). The server then acts on the information and
provides data back to the client for further processing (in this example the server
provides an integer back to the client). This example is desgned to show
communication between the client and the server. Like the previous example, this
IDL interface can be used for clients and servers that share the same loca network
or for clients and servers on different networks. The example below is stored in
fleCount er . i dl

/1 1DL
nodul e COUNTER_MODULE

{

/1 variable definitions
typedef long N, // length of count

/'l interface definitions
interface Count _interface

{
I ong count_funct(in long N)
}s
b

This IDL file is amilar to the fird example, except a vaiable is passed through
the interface from dient to server, and an integer vaue is returned from the
server.

3.3.1.Smilar to the previous example, to cregte the files for a C++ client
and/or server, from the command line type



i dl Counter.idl

This will create four files for the C++ implementation. Credtion of the
saver and dient usng C++ will be described in sections 4 & 6

repectively.
3.3.2.To create the files necessary for Javaimplementation execute

jidl Counter.idl

This creates the class directory sructure for the Java implementation of
the sarver and client. The Java server and dlient will be discussed in
sections 5 & 7 respectively.

3.4. This section describes the basic approach for implementing IDL descriptions
for two types of interfaces. One interface requires no information back from the
sarver. |t is designed to cause the sarver to execute some specific command or
commands. The second is an example of an interface that passes data between the
client and server. In following sections, we will describe the C++ and Java
implementations that accompany the IDL descriptions.

4. CREATING C++ RESOURCE AGENTS (SERVERS)

4.1. In this section we describe the process to develop smple resource agents or
servers udng the C++ high leve programming language. We provide complete
examples and indructions for compiling and executing the sarver.  The fird
example is executed when requested by a client. It prints a predefined message to
the screen, and it returns no information to the client. The second example takes
as input a podtive integer, N, vaue from the client. It then counts from 1 to N,
while a the same time adding the integers from 1 to N. After counting is
complete, it returns the sum of the integers from 1 to N.

4.2. The code, compiling indructions, and execution indructions for the firs
example are described below.

4.2.1. Frg we have the code for the server implementation. It is
doredinfileSer ver . cpp

[l C++
#i ncl ude <OB/ CORBA. h>
#i ncl ude <Hello_inpl. h>
#i ncl ude <fstream h>
int main(int argc,char* argv[],char*[])
{
CORBA _ORB var orb
CORBA _BOA var boa

CORBA ORB_ init(argc, argv);
orb -> BOA init(argc,argv);

/1 Programcalls nodule “MOD HELLO', interface
/1 “Int_hello” and creates a new object



[l implenentation fromthe Hello inplementation
MOD HELLO I nt_hello_var p = new Hello_inpl;

CORBA _String var s = orb ->object _to_string(p);
const char* refFile = "Hello.ref";

of streamout (refFile);

out << s << endl

out.close();

// Server waits until called
boa -> inpl _is_ready(CORBA I npl enentationDef:: _nil());
}

4.2.2.The sarver needs an implementation object. The header for the
implementation body is found in the file Hel | o_i npl . h and shown
below:

[l C++
#i ncl ude <Hel |l o_skel . h>
class Hello_inpl : public MOD HELLO Int_hell o_ske

{

publi c:

/1 function defined for use by the server
virtual void funct_hello();

b

4.2.3.The code for the sarver implementation is dored in the file
Hel | o_i nmpl . cpp andshown below.

[l C++

#i ncl ude <OB/ CORBA. h>
#include <Hell o_i npl . h>
voi d

Hel l o_i npl :: funct_hel |l o()
{

}

cout << "Hello from AFRL/I FSD!I' " << endl

Thisfile, when executed will print asmple message from AFRL.

4.2.4.To compile the code for the server, the make file (found in section
10.1) can be executed with the nake utlity avalable from most C++
compilers. For unix the following command line will work:

make —f hell o_server_nake file

4.2.5.To execute the server, from the command line execute the following
command:

Server



This will cause the sarver to execute until it is terminated with a kil
command or *c. Usudly, the server will go into a wait sate, where it will
day until it isinstantiated by the client.

4.2.6.In this section we have shown how to write, compile, and execute
ample servers for use with an IDL. A key point to note is that a server
written in C++ is compatible with a dient written in Java and vice versa

In the next pat of this section we will give an example that can be
executed from aremote URL.

4.3. The code, compiling indructions, and execution ingructions for the second
example are shown and described below.

4.3.1. Frg we have the code for the server implementation. It is
soredin Count er _server. cpp.

/1 C++

#i ncl ude <OB/ CORBA. h>

#i ncl ude <OB/ Util.h>

#i ncl ude <OB/ CosNanmi ng. h>

#i ncl ude <Counter _inpl. h>

#i ncl ude <fstream h>

#i ncl ude <stdio. h>

int main(int argc,char* argv[],char*[])

{

try
{

/1 Create ORB
CORBA ORB var orb = CORBA ORB init(argc, argv);
Il Create BOA
CORBA_BQOA var boa = orb -> BQOA_ init(argc, argv);
/1 Create inplementation
COUNTER_MODULE_Count _interface_var p = new counter _inpl;
/] Get nam ng service
CORBA_(bj ect _var obj;
try
{

obj = orb -> resolve_initial _references("NaneService");

}
catch(const CORBA ORB::Invali dNane&)
{
cerr << argv[0] << ": can't resolve "NaneService'" <<
endl ;
return 1;

i}f(O(RBA_i s_nil(obj))

{ cerr << argv[0] << ": “NanmeService' is a nil object
ref erence” << endl;

return 1,

}

CosNam ng_Nani ngCont ext _var count =
CosNami ng_Nam ngCont ext:: _narrow obj);

i f(CORBA_is_nil(count))

{ cerr << argv[O0]
<< ": “NanmeService' is not a Nam ngContext”

10



<< “ object reference" << endl;
return 1,
}
try
{
/1 Bind nanes with the Nam ng Service
CosNam ng_Nane pNaneg;
pNane. | engt h(1);
pNare[ 0] .id = CORBA string_dup("p");
pNane[ 0] . kind = CORBA string_dup("");
count -> bind(pNane, p);
boa -> inpl _is_ready(CORBA I npl ementationDef:: _nil());
/1 Unregister nane with the Nam ng Service
count -> unbi nd( pNane) ;

cat ch(const CosNam ng_Nam ngCont ext : : Not Found& ex)

{
cerr << argv[0] << ": Cot a "~NotFound' exception (";
swi t ch( ex. why)
{

case CosNam ng_Nam ngCont ext : : m ssi ng_node:
cerr << "m ssing node";
br eak;
case CosNam ng_Nam ngCont ext:: not _context:
cerr << "not context";
br eak;
case CosNam ng_Nam ngCont ext:: not _obj ect:
cerr << "not object";
br eak;
}
cerr << ")" << endl;
return 1;
}
cat ch(const CosNam ng_Nam ngCont ext : : Cannot Proceed&)
{
cerr << argv[0] << ": Cot a " CannotProceed exception”
<< endl ;
return 1;

}
cat ch(const CosNam ng_Nam ngCont ext : : | nval i dNane&)
{
cerr << argv[0] << ": CGot an "InvalidNane' exception"”
<< endl;
return 1,

cat ch(const CosNam ng_Nam ngCont ext : : Al r eadyBound&)
{
cerr << argv[0] << ": Cot an "AlreadyBond exception"
<< endl;
return 1;

cat ch(const CosNam ng_Nani ngCont ext : : Not Enpt y&)

{
cerr << argv[0] << ": Cot a “NotEnpty' exception”
<< endl;
return 1,

}

}
cat ch( CORBA_Syst enExcept i on& ex)
CBPri nt Excepti on(ex);

return 1;

}

11



return O;

}

4.3.2.Next we have the code for the counter implementation header file.
It contains the function definitions used to implement the counter function
inthecdassCount er _i npl ,anditisgoredinfileCount er _i npl . h

Il C++

#i ncl ude <Counter_skel . h>

class Counter_inpl : public
COUNTER_MODULE_Count _i nterface_skel

{
publi c:
virtual |ong count_funct(long);

b

4.3.3.Next we have the function implementations for the functions in the
class Counter _inpl. Thee ae dored in the file
Counter _inpl.cpp

[l C++

#i ncl ude <OB/ CORBA. h>

#incl ude <Counter _inpl.h>

| ong Counter _inpl::count_funct(long N)
{

| ong sum = O;

long i = O;

whil e(++i <= N){
cout << i << "." << endl;
sum = sum + i;

} Il while

return sum

}

43.4.To compile the counter object, we use the makdlile

counter_server_make file, found in section 10.2. From the
command line type:

make —f counter_server_make file

4.3.5.To execute we first need the name server running. To dart the name
server, we need an IP address, aport number, and a mode of operation.
For our, example we use IP = 10.13.7.7, port 1700 (see system
administrator for other avaladle port numbers), and
Def aul t Nam ngCont ext as the mode. More information on these
can be found in the CORBA <specification. To dart the name server,
execute the fallowing line

naneserv —i —-OAport 1700 > Counter.ref &



Then to gart the actud server, execute the following command line:

Counter_server -ORBservice NaneService
iiop://10.13.7.7:1700/ Def aul t Nam ngCont ext

Or to dart the name server then the counter server both, execute the script
start _counter _server showninsection 10.5 of the gppendix.

4.3.6.In this section we described the method for executing C++ servers
remotely using aURL.

5. CREATING JAVA RESOURCE AGENTS
5.1. Smple Java example

5.1. 1. Codefor Javaserver foundinfileSer ver . j ava

/1l Java

package MOD HELLG,

public class Server

{

public static void main(String args[])

{

java. util.Properties props = System get Properties();
props. put ("org. ong. CORBA. ORBd ass", "com ooc. CORBA. ORB") ;
props. put ("org. ong. CORBA. ORBSI ngl et ond ass",
"com ooc. CORBA. ORBSI ngl eton") ;
Syst em set Properti es(props);
org.ong. CORBA. ORB orb =
org.ong. CORBA. GRB. i nit(args, props);
or g. ong. CORBA. BOA boa =
((com ooc. CORBA. ORB)orb) . BOA i nit(args, props);

Int_hello_inmpl p = new Int_hello_inpl();
try
{

String ref = orb.object_to_string(p);

String refFile = "Hello.ref";

java.io.PrintWiter out = new java.io.PrintWiter(new

java.io.FileQutputStrean(refFile));
out.println(ref);
out.flush();

catch(java.io. | CException ex)

Systemerr.printin("Can't wite to *" + ex.get Message() +

")
Systemexit(1);
}
boa.inpl _is_ready(null);
}
}

5.1.2.Code for Java implementation found in file
Int_hello_inpl.java

/1 Java
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package MOD_HELLG,
public class Int_hello_inpl extends _Int_hell ol npl Base

{
public void funct_hello()
{
Systemout.printin("Hello Analisal");
}
}

5.1.3.To compile the Java code, make sure dl code is in the sub-directory
MOD_HELLO. Then type the following command line:

javac ./MOD_HELLQO *.java

514.To execute the Helo Saver usng Java, type the following
commeand line

java MOD _HELLO. Server

5.2. Counter Javaexample

5.2.1.Codefor Count er _server.java

package COUNTER_MCDULE;

i mport org.ong. CORBA. *;

i mport org.ong. CosNam ng. *;

i nport org. ong. CosNam ng. Nam ngCont ext Package. *;
inmport java.io.*;

inmport java.util.*;

i nport COUNTER_MODULE. Count er _i npl . *;

public class Counter_server
{
public static void main(String args[])
{
Properties props = System get Properties();
props. put
("org. ong. CORBA. ORBC ass", "com ooc. CORBA. ORB") ;
pr ops. put
(" org. ong. CORBA. ORBSi ngl et onC ass"”, "com ooc. CORBA.
ORBSi ngl eton");
Syst em set Properties(props);
try

{
11

/'l Create ORB

I

ORB orb = ORB.init(args, props);
/1

/] Parse command |ine argunents
I

String namingFile = null;

int argc = 0;

whi |l e(argc < args. | ength)

{

if(args[argc].equals("-f"))
{

14



if(argc + 1 < args.length)
{

ar gc++;

nam ngFile = args[argc];
}
el se

usage();

el se if(args[argc].equal s("-h") ||
args[argc].equal s("--hel p"))
usage();
ar gc++;
}
11
I/ Create BQA
11
BOA boa =((com ooc. CORBA. ORB) orb) . BOA i nit(args, props);
11
/1l Create some inplenentations

I
Count _interface p = new Counter _inpl ();
/1
/1 Get naming servie
11
org. ong. CORBA. bj ect obj = null;
if(namingFile !'= null)
try
{_ . N
Fi | eReader r = new Fil eReader (nam ngFil e);
Buf f er edReader in = new Buff eredReader (r);
String ref = in.readLine();
r.close();
obj = orb.string_to_object(ref);
cat ch( | CException e)
e.printStackTrace();
Systemexit(1);
}
}
el se
{
try
{
obj = orb.resolve_initial _references("NameServic);
}
cat ch(or g. ong. CORBA. ORBPackage. | nval i dNane ex)
Systemout.printin("Can't resolve "NaneService'");
Systemexit(1);
}
Yoo
if(obj == null)
{

Systemout.println (" NanmeService' is a nil object
ref erence");
Systemexit(1);
}
Nam ngCont ext count =
Nani ngCont ext Hel per. narrow( obj ) ;
if(count == null)

{
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}

Systemout. println(" NaneService' is not "
"a Nam ngCont ext object reference");

Systemexit(1);
}
try

{
11

/1 Bind nanes with the Nam ng Service

/1
NameConponent[] pNanme =

new NanmeConponent [

pNarre[ 0] = new NaneConponent () ;

pNarme[0].id = "p";
pNanme[ 0] . kind = "";
count . bi nd(pNane, p);

I

/1 Run inplenentation

/1

boa.inpl _is_ready(null);
I

+

1],

/1 Unregister names with the Nam ng Service

/1
count . unbi nd( pNane) ;
}
cat ch( Not Found ex)
{
Systemerr.print("CGot a
swi t ch(ex. why. val ue())

{

" Not Found' excepti

case Not FoundReason. _mi ssi ng_node:

Systemerr. print('

br eak;

"mi ssing node");

case Not FoundReason. not_cont ext:

Systemerr. print("

br eak;

'not context");

case Not FoundReason. _not _obj ect:

Systemerr. print("

br eak;
}
Systemerr.printiln(")");
ex. printStackTrace();
Systemexit(1);

cat ch( Cannot Proceed ex)

Systemerr.println ("Cot
exception");

ex. print StackTrace();

Systemexit(1);

catch(l nval i dNane ex)

Systemerr.println ("Cot
ex. printStackTrace();
Systemexit(1);

}

cat ch( Al readyBound ex)

{
Systemerr.println ("Cot

exception");

ex. printStackTrace();
Systemexit(1);

}

‘not object");

a ~Cannot Proceed'

an "l nvalidNane'

an " Al r eadyBound'

on (");

exception");
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cat ch( Syst enExcepti on ex)
{
ex. printStackTrace();
Systemexit(1);
}
System exit(0);
}
private static void
usage()

System out . printl n(
"Usage: java naning. Server [options]\n\n" +
"ptions:\n" +
"-f FILE Read the Nami ngService IOR fromfile

FILE \n" +

"-h, --help D splay this hel p message.");

Systemexit(1);

}
}

5.2.2.Codefor Count er _i npl . j ava

package COUNTER_MODULE;
public class Counter_inpl extends
_Count _i nterfacel npl Base

{
publicint count_funct(int n)
{
int sum = O;
int i = 0;
while(++i <= n){
sum = sum + i;
Systemout.printin(i + ".");
}
return sum
}
}

5.2.3.To compile the Java code, make sure dl Counter Java code is in the
sub-directory COUNTER_MODULE. Create the soript file from section
109andcdlitscri pt _java .Thentype

script_java
5.24.Smilar to the C++ Counter Server, the name sarver must be

executing for the server to run properly. Follow the directions in the script
start_counter_java_server found in section 10.6 of the

appendix.
6. CREATING C++ CLIENTS

6.1. Smple C++ example client.

6.1.1. Thisisthe code for asmple C++ client, named Cl i ent . cpp.
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/] C++

#i ncl ude <OB/ CORBA. h>

#i ncl ude <Hell o. h>

#i ncl ude <fstream h>

int

mai n(int argc, char* argv[], char*[])

{
CORBA ORB var orb = CORBA ORB init(argc, argv);
const char* refFile = "Hello.ref";
ifstreamin(refFile);
char s[1000];
in > s;
CORBA _(bj ect _var obj = orb -> string_to_object(s);
MOD HELLO Int_hello_var hello =

MOD HELLO I nt_hell o:: _narrow(obj);

hello -> funct_hello();

}

6.1.2. To compile the code for the smple C++ dlient, use the makefile,
hello_client_make file found in section 10.3 of the appendix,
and type:

make —f hello_client_make file

6.1.3. To execute the smple hdlo dlient type Cl i ent from the command
line. With the sarver dready running, starting the dient should cause the
server to print a Smple message to its machine.

6.2. Counter C++ example

6.2.1.Here is the code for the Counter Client found in the file
Counter_client.cpp

/] C++
#i ncl ude <stdi o. h>
#i nclude <stdlib. h>
#i ncl ude <COB/ CORBA. h>
#i ncl ude <OB/ Util.h>
#i ncl ude <OB/ CosNami ng. h>
I/ include files generated by CORBA idl
#i ncl ude <Counter. h>
#i ncl ude <fstream h>
#i nclude "functs. h"
int main(int argc,char* argv[], char*[])
{
try

{
/Il Create ORB

CORBA ORB var orb = CORBA ORB init(argc,argv);
/] Get nam ng service
CORBA_(bj ect _var obj;
try
{
obj = orb -> get_inet_object
("10.13.7.7",1700, " Def aul t Nam ngCont ext ") ;
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catch(const CORBA ORB:: I nval i dNane&)
{

cerr << argv[O0]
<< ": can't resolve "NaneService'" << endl;
return 1;

}
i f(CORBA_is_nil(obj))

{
cerr << argv[O0]
<< ": "NameService' is a nil object reference"
<< endl;
return 1;
}

CosNam ng_Nanmi ngCont ext _var count =
CosNam ng_Nami ngCont ext:: _narrow( obj);
i f(CORBA_is_nil(count))

{
cerr << argv[O0]
<< ": "NaneService' is not a Nam ngCont ext
obj ect reference"
<< endl;
return 1;
}
try
{

/1 Resolve names with the nam ng service
CosNam ng_Nane pNane;
pNane. | engt h(1);
pNare[ 0] .id = CORBA string_dup("p");
pNane[ 0] . kind = CORBA string_dup("");
CORBA _(hj ect _var pOhj = count -> resol ve(pNane);
COUNTER_MODULE_Count _i nterface_var p =
COUNTER_MODULE_Count _i nterface:: _narrow pQbj);
assert (!CORBA is_nil(p));
cout << "Resolved "p'" << endl;
functs FUNCTS;
long N
N = (I ong) FUNCTS. string2int(argv[1]);
cout << " The true sum =
<< ((NM+1)*N)/2 << endl;
cout << "The sinulated sum="
<< p -> count_funct(N) << endl;
}

cat ch(const CosNam ng_Nam ngCont ext : : Not Found& ex)

{
cerr << argv[0] << ": Cot a "~NotFound' exception (";
swi t ch( ex. why)

{

case CosNam ng_Nam ngCont ext : : m ssi hg_node:
cerr << "m ssing node";
br eak;
case CosNam ng_Nam ngCont ext : : not _cont ext :
cerr << "not context";
br eak;
case CosNam ng_Nam ngCont ext : : not _obj ect:
cerr << "not object”;
br eak;
}
cerr << ")" << endl;
return 1,

cat ch(const CosNam ng_Nam ngCont ext : : Cannot Pr oceed&)
{
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cerr << argv[0] << ": Cot a " Cannot Proceed'
exception" << endl;
return 1,

}
cat ch(const CosNam ng_Nam ngCont ext : : | nval i dName&)
{

cerr << argv[0] << ": Got an "InvalidNang'
exception" << endl;
return 1;

}
cat ch(const CosNam ng_Nam ngCont ext : : Al r eadyBoundg&)

{
cerr << argv[0] << ": Got an " Al readyBound'

exception" << endl;
return 1;

}
cat ch(const CosNam ng_Nam ngCont ext : : Not Enpt y&)

{
cerr << argv[0] << ": Cot a “NotEnpty' exception”
<< endl;
return 1;

}

}
cat ch( CORBA_Syst enExcept i on& ex)

{
CBPr i nt Excepti on(ex);
return 1,

}

return O;
}

6.2.2.S9nce this file uses heper functions noted by the satement
#include "functs.h", the dependent library files
functs.h & functs.cpp found in sction 10.7 & 10.8 of the
gppendix need to be availadle for compilation.

6.23.To compile the Counter Client, use the meke file
counter_client_make fil e foundin section 10.4 of the appendix

and type:

make —f counter_client_make file

6.2.4. The code for finding the name server is found indde the dient. To
execute with name server insde type:

Counter_client N

where N is a postive integer. The server should count to N and return the
sum. Thedient should print out the sum.

7. CREATING JAVA CLIENTS
7.1. Smple Java Example

7.1.1.Codefor fileCl i ent . j ava:
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/1 Java
package MOD HELLG,
public class dient

{

public static void main(String args[])

{
java.util.Properties props = System get Properties();
props. put ("org. ong. CORBA. ORBd ass",
"com ooc. CORBA. ORB") ;
props. put ("or g. ong. CORBA. ORBSIi ngl et ond ass”,
"com ooc. CORBA. ORBSI ngl eton") ;
Syst em set Properti es(props);
org. ong. CORBA. ORB orb =
org.ongy. CORBA. ORB.i nit(args, props);
String ref = null;
try
String refFile = "Hello.ref";
java.io. BufferedReader in = new
java.i o. Buf f er edReader (
new j ava.io. Fil eReader (refFile));
ref = in.readLine();

}

catch(java.io. | CException ex)

Systemerr.println("Can't read from™" +
ex. get Message() + "'");
Systemexit(1);
}
org. ong. CORBA. Cbj ect obj = orb.string_to_object(ref);
Int_hello p = Int_hell oHel per.narrow obj);
p. funct _hell o();
}
}

7.1.2.To compile the Java code, make sure dl *. j ava files ae in the
directory MOD_HELL O. Then type the following command line:

javac ./MOD_HELLO *.java
7.1.3. To execute the Java client,

java MOD HELLO Client

This should cause the Server to print a message based on what is in the
particular server implementation.

8. SUMMARY

8.1. It is not necessary to create the files described above in any particular order.
Often times a program is written in C++. The IDL dlows access to this program
from other high levd languages and other plaiforms than the one for which the
code was written. CORBA is dso useful for legacy systems.  Interfaces can be
written to exiding code, thereby diminating the tedious, error prone task of
porting code. IDL over the internet, addresses two issues related to systems level
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engineering.  Fird, it heps diminate redundancy. By dlowing engineers and
engineering teams to make use of remote resources, we diminate the need to
reproduce work that has dready been accomplished esewhere. Second, IDL
enhances communicetion. IDL creates the framework to remotely execute many
programs and gpplications. This alows leaders to St in a centrd location and
make use to resources and expertise scattered throughout the world.

9. FUTURE WORK

9.1. Create resource agents for Air Force programs. One good candidate is the
CENTS program that is Pled by Adaptive Inc. They are interfacing different
databases and different types of objects. Since this is the primary god of CORBA
systems, their program would be an ided match for demondrating the capability.
(It adso provides the opportunity to enhance the CEE system and commercidize
results of SBIR efforts.)

9.2. Write intelligent ORBs that have the ability to choose one server over another
to accomplish a particular task. Often times one server may be the ided choice
for executing a server gpplication; however, there are times when the identified
server may be overloaded with other processes. In this case the ORB should
make the decision to trandfer the request to another server for execution. This
option has not been explored in this report.

9.3. Link the Clients, Servers, and ORBs to the CEE environment and/or an html
based browser like Netscape or Explorer.

10. APPENDIX

10.1. Thisisthemakefile hel | o_server _nmake file

#hel | o_server _nmake file
# Conpil er variabl es

CC = CC

#CC = g++

CFLAGS = -fast -pta -l/usrl/local/include -1I.

# Oreate list of libraries tolink in
LIBS = -1 B -1socket -Insl

# Program nane
PROGRAM = ./ Server

# source files
CC_SOURCES = Hel | 0. cpp Hel l o_skel .cpp Hello_inpl.cpp Server.cpp

# Oreate list of .0 objects
OBJECTS = $(CC_SOURCES: . cpp=. 0)

# Override the built-in conpile
%o : %cpp
$(COWPI LE. c) $<



# Top level target for building the executable

all : $(PROGRAM

# Define howto link all the stuff

$(PROGRAM) : $( OBJECTS)
$(LINK. c) $(OBJECTS) -0 $(PROGRAM $(LI BS)

SRR
HHHHE

# G ean up only the object files

cl ean:

\rm *~ * 0 core $(PROGRAM
10.2. Thisisthemekefile count er _server _make file

# Conpil er variables
cC =CC
CFLAGS = -fast -pta -l/usrl/local/include -I.

# Create list of libraries to link in
LIBS = -1 CosNami ng -1 OB -| socket -Insl

# Program nane
PROGRAM = ./ Count er _server

# source files
CC_SOURCES = Counter.cpp Counter_skel.cpp // Counter_inpl.cpp
Count er _server. cpp

# Oreate list of .o objects
OBJECTS = $(CC_SQURCES: . cpp=. 0)

# Override the built-in conpile
%o : %cpp
$(COWI LE. c) $<

# Top level target for building the executable

all :  $(PROGRAM

# Define howto link all the stuff
$( PROGRAM : $( GBIECTS)
$(LINK c) $(OBIECTS) -0 $(PROGRAM $(LIBS)

THHHHHHHHHHH R H
HEHIH

# O ean up only the object files

cl ean:

\rm *~ * o0 core $(PROGRAM
10.3. Thisisthemékefile hel  o_cl i ent _nmake file

#makecl i ent
# Conpil er variabl es
cC = CC

CFLAGS = -fast -pta -l/usrl/local/include -1I.

# Create list of libraries to link in
LIBS = -1 B -1socket -Insl



# Program nane
PROGRAM = ./ d i ent

# source files
CC _SOURCES = Hello.cpp dient.cpp

# Create list of .o objects
OBJECTS = $(CC_SOURCES: . cpp=. 0)

# Override the built-in conpile
%o : %cpp
$(COWI LE. c) $<

# Top level target for building the executable

all :  $(PROGRAM

# Define howto link all the stuff

$( PROGRAM) : $( OBJECTS)
$(LINK. c) $(OBIJECTS) -0 $(PROGRAM $(LIBS)

SRR
HHHHE

# O ean up only the object files

cl ean:

\rm *~ *. 0 core $(PROGRAM
10. 4. Thisisthemekdiile count er _client _make file

# Conpil er variabl es
CC = CC

CFLAGS = -fast -pta -l/usrl/local/include -I.

# Oreate list of libraries tolink in
LIBS = -1 CosNami ng -1 OB -| socket -Insl

# Program nanme
PROGRAM = ./ Counter _client

# source files
CC_SOURCES = functs.cpp Counter.cpp Counter_client.cpp

# Create list of .0 objects
OBJECTS = $(CC_SOURCES: . cpp=. 0)

# Override the built-in conpile
%o : %cpp
$(COWI LE. c) $<

# Top level target for building the executable

all :  $(PROGRAM

# Define howto link all the stuff

$(PROGRAM) : $( OBJECTS)
$(LINK. c) $(OBIECTS) -0 $(PROGRAM $(LIBS)

HHHH R R A AR A AR R AR R A R R A
Hit#H#

# O ean up only the object files

cl ean:

\rm *~ *.0 core $(PROGRAM
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10.5. Thisisthescriptst art _count er _server:

#!/ bi n/ sh

#

echo

echo LRI I I R R R R S S S S I I I I S S S o L
echo "* Wlcone to the Server x !
eChO RE S EEEEEEEEEEEEEEEEEEEEEEEEEEE S A
sl eep 2

nsi d=0

srvi d=0

deacti vat e()

if test $nsid -ne O

t hen
echo "killing "
echo "$nsid"
kill -9 $nsid
f
if test $srvid -ne O
t hen
kill -9 $srvid
f
exit

}

server =" naneser v${ exe}"
ref =Count er. ref

rm-f $ref

$server -i -QAport 1700 > $ref &

nsi d=$!

trap deactivate 1 2 3456 7 8 10 12 13 14 15
echo "$ref"

echo "$nsi d"

sl eep 3

Count er _server -ORBservi ce NameService
iiop://10.13.7.7:1700/ Def aul t Nam ngCont ext
srvi d=$

deactivate

10.6. Thisisthesriptst art _counter _j ava_server:

#!/ bi n/ sh

#

echo

echo AR SR EEEEE R EEEEEEEEEEEEEEEEE SRS A
echo "* Wl cone to the Server * !
echo BRI I I R R R R S S I I I I S S S O L
sleep 2

nsi d=0

srvi d=0

deacti vat e()

if test $nsid -ne O

t hen
echo "killing "
echo "$nsi d"
kill -9 $nsid

f

25



if test $srvid -ne O
t hen

kill -9 $srvid
f

exit

}
CLASSPATH=/ usr 1/ OB-3. 1. 3/ ob/ 1 i b/ OB. j ar : $CLASSPATH
CLASSPATH=/ usr 1/ OB- 3. 1. 3/ ob/ | i b/ OBNami ng. j ar : $CLASSPATH

export CLASSPATH

server ="naneser v${ exe}"
ref =Count er. r ef
rm-f $ref

$server -i -QAport 1700 > $ref &

nsi d=$!

trap deactivate 1 2 3456 7 8 10 12 13 14 15

echo "$ref"
echo "$nsi d"
sl eep 300

java COUNTER_MODULE. Count er _server -CORBconfig

java_configuration.txt
deactivate

The shdll script above uses a configuration text file with the | P address, port
address, and mode ingde of it. The name of the script is
java_configuration.txt anditscontentsareshown beow:

# Concurrency nodel s

ooc. or b. conc_nodel =t hr eaded

ooc. boa. conc_nodel =t hr ead_poo

ooc. boa. t hr ead_pool =5

#lnitial services

ooc. servi ce. NaneServi ce=i i op://10. 13. 7. 7: 1700/ Def aul t Nam ngCont ext

10.7. This is the libray file functs. h.

functions used by other classes.

//functs. h

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>
#include <limts. h>
#i ncl ude <mat h. h>
#i ncl ude <stddef. h>
#i ncl ude <ctype. h>

class functs {
private:

public

functs(){}; // constructor
~functs(){free_menory();};

void free_nenmory(){}

int string2int(char*);

/1 destructor

/'l frees dynam c menory

/1

converts a string to an integer

void int2string(int,char*); // converts and integer to a string

int randomfunct(int);

11

returns a random i nteger

This module contains helper
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voi d upper 2l ower (char*, char*); // converts upper case to |ower
float max(float,float); // returns maxi num fl oat
float mn(float,float); // returns m ni numfl oat
doubl e perms(int,int); // calcul ates nunber of pernutations
}; /1 functs

10.8. Thisfile, named f unct s. cpp, definesf unct s. h above.

/1 functs. cpp

#i fndef _functs_def
#define _functs_def
#i ncl ude "functs. h"

#endi f
/*********************************************************/
/* */
/* perms */
/* */
/*********************************************************/
/1
/'l Returns the nunber of pernutations
I
doubl e functs::perns(int I,int J){

doubl e answer;

int i;

if((I>1) || (1 <0 || (I <
0)){printf("ERRORI\n");exit(1);}
answer = 1.0;
i =1
while(++i <= 1){
answer *= (double)i
} /1 while

J=1-17

i =1

while(++i <= J){
answer /= (double)i

Y /1 while

return answer;
}; /1 pernmns
/*********************************************************/
/* */
/* int2string */
/* */

/*********************************************************/

/1
/1 Converts and integer to a string.

/1

void functs::int2string(int n,char* nunber){
int i;int k;int j;
int nunf4];

i =4;while(--i > -1){j=(int)pow 10.0, (double)i);k =
n/jinunfi] = kin-=(k*j);}
i =0;i = 4
nunber [ 0] =' 0' ; nunber[1] ="\ 0" ;
while(--i > -1){
i f(nunfi]>0){
++i ;
nunmber[i] = "\0";



while(--i > -1){

if(nunii]==0){nunber[j]="0";}

else if(nunfi]==1){nunber[j]="1";}
else if(nunfi]==2){nunber[j]="2";}
else if(nunii]==3){nunmber[j]="3";}
else if(nunii]==4){nunber[j]="4";}
else if(nunfi]==5){nunber[j]="5";}
else if(nunii]==6){nunber[j]="6";}
else if(nunii]==7){nunber[j]="7";}
else if(nunfi]==8){nunber[j]="8";}
else if(nunfi]==9){nunber[j]="9";}

else {printf("Error: int2string\n");exit(1);}
j ++;
} /1l while
YOI Oif
} /1 while
}; /1 int2string

/*********************************************************/

/* */
[ * upper 2l ower */
/* */
/*********************************************************/
/1

/1 Converts upper to |ower case.

/1

voi d functs::upper2l ower(char* | ower ,char* upper){
int n = strlen(upper);
int i=-1;while(++<n){
i f((upper[i]>="A )& upper[i]<="Z)){lower[i]=(char)((i
upper[i ]| (int)32);}
el se{lower[i]=upper[i];}
}
lower[n] =
}; /1 upper2l oner

/*********************************************************/

/* */
/* mn */
/* */

/*********************************************************/

I
/! Returns the mnimmof two floats.
/1
float functs::mn(float a,float b){
fl oat answer;
if(a < b){answer = a;}
el se{answer = b;}
return answer;

}; // mn
/*********************************************************/
/* */
[* max */
[ * */
/*********************************************************/
11

/! Returns the nmaxi mumof two floats.

/1

float functs::max(float a,float b){
float answer;
if(a > b){answer = a;}
el se{answer = b;}
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return answer;
i /1 max

/*********************************************************/

/* */
/* random f unct */
/* */
/*********************************************************/
/1
/1 This function returns a random numnber.
/1
/1 Assunptions: -- Integers are represented as 2's conp nunbers
I -- Each nenory location is 8 bits (1 byte)
/1 eg: 16 bits => a range of val ues from
/1 -(2n~15)to(2"715- 1)
/1
/1 lnputs:
/1 no => | argest possible value of rand nunber
/1
/1 Qutputs:
/1 processor => random processor nunber, range(1l to no)
int functs::randomfunct(int no){

int x =-1;

while( x <= 0 || x > no){
x = (int)((float)no * rand() / RAND MAX);

return Xx;
}; /1 random funct

/*********************************************************/

/* */
/* string2int */
/* */

/*********************************************************/

/1

/1 This function converts character strings to integers.
/1

int functs::string2int(char* word){

int i, int_val, result;

result =i =0

for (i=0; word[i] >="'0" & word[i] <= "'9"; i++){
int_val = word[i] - '0'";
result = result*10 + int_val

Y /1 while

return result
}; 11 string2int

10.9. This executable shdll script, scri pt _j ava, isused to compile the Java

code for the Counter Server:
#!/ bi n/ sh
echo
EChO LU R R I b S O I S I R S I O S L
echo "* Welcone to the Java script *u

LLEE 3 3 3 3 26 2 I I I I I I I I I I I I I I I I I I I I A L
echo

# $echo "uni x"

CLASSPATH="/usr 1/ JOB3. 1. 3/ nam ng/ denmo/ cl asses: $CLASSPAT

CLASSPATH="/usr 1/ JOB-3. 1. 3/ nam ng/ | i b: $CLASSPATH"

CLASSPATH="/usr 1/ OB3. 1. 3/ ob/ | i b/ OBNami ng. j ar: $CLASSPATH"



CLASSPATH="/usr 1/ OB-3. 1. 3/ ob/ i b/ OB. j ar : $CLASSPATH"
CLASSPATH="$0B_LI B: $CLASSPATH"'

export CLASSPATH
echo "conpiling ..

javac /COUNTER_MODULE/* java
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